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• Founded by Italian-born 
architect, urban designer, 
and philosopher Paolo 
Soleri (1919 – 2013)
• Based on the philosophy of 
Arcology (Architecture + 
Ecology)
• Committed to developing 
the community of the 
future
Figure 1: Arcosanti Today
Figure 2: Vision for Arcosanti 5000
Project Objective 
• Reduce the Ecological Footprint of Arcosanti through 
the use of renewable sources of energy
Help the town of Arcosanti progress towards a 
goal of energy independence
Investigate the use of solar and wind energy
Design a solar/wind powered water pumping 
system
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Solution Constraints – Part 1
Item Consideration Qualitative  Constraints Quantitative Constraints
Ecological Sustainability
To Arcosanti, being ecologically sustainable 




To Arcosanti, a limited footprint means 
increasing "Urban Density" and "allowing for 
more activities in less space".
N/A
Resourcefulness
To Arcosanti, resourcefulness means 




To Arcosanti, experiential learning means 
that solutions must provide learning 
opportunities that will enhance future work 





Solution Constraints – Part 2
Item Consideration Qualitative  Constraints Quantitative Constraints
Grid Stability
The power produced by the system should 




Any parts of the system that are grid 
independent should be capable of supporting 
the mean historical demand for most of the 
year.
Power sufficient to pump 
8000 gal/day
Variability Power should be reliable and predictable N/A
Wind Systems
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Solution Constraints – Part 3
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Item Consideration Qualitative  Constraints Quantitative Constraints
Grid Stability
The power produced by the system should be 
stable enough to tie into the public power grid.
N/A
Mean Demand
Any parts of the system that are grid 
independent should be capable of supporting 
the mean historical demand for most of the 
year.
Power sufficient to pump 
8000 gal/day
Storage
Since solar power predictably varies diurnally, 
there must be sufficient storage of 
energy/water during non-producing hours.
Energy or water storage 




Solution Constraints – Part 4
Item Consideration Qualitative  Constraints Quantitative Constraints
Flow Rate
Well systems must be able to support a high 
enough flow rate to meet the maximum 
historical  demand.
 Sufficient water to pump 
up to 18,500  gal/day
Water Quality




The installation process much be done 
without large water system shutdowns.
N/A
Future Agricultural  
Development
The solution should maintain the capability 
for Arcosanti to restart its agricultural 
programs. This includes the ability to meet 
the demand of water intensive cash crops 




Solution Constraints – Part 5
Item Consideration Qualitative  Constraints Quantitative Constraints
Pressure
The pump should be able to produce 
sufficient static pressure head to reach the 
Mesa Storage Tank.
Max pressure head larger 
than 193 ft.-water. 
Minimum 225 to account 
for changes in water table.
Efficiency
The maximum efficiency of the pump power 




The pumping system should be able to pump 
water using grid electricity when renewable 
energy is not available or when the 










Figure 3: Overview of Arcosanti




• Arizona has some of the lowest wind resource in the U.S.
• Arcosanti is in the lowest wind area of Arizona
Figure 4: US Wind Resource Map at 80m
Figure 5: Arizona Wind Resource Map at 100m
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Wind Data Analysis
• Data from National Oceanic 
Atmospheric Administration 
(NOAA) for a nearby airport 
shows the poor wind.
• Small turbines at 10 m. will 
only experience speeds 
between 3 and 4.5 m/s on 
average 
• Large turbines will produce 









Figure 6: Adjusted Avg. and Monthly Avg. Power Density 
at 10 m. for Prescott Love Field, AZ
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Wind Data Analysis
• Difference in 
power is magnified 
due to the 𝑣3 term 
in the power 
equation (two 𝑣’s 
for kinetic energy 
and one 𝑣 for the 
speed of air passing 
through the turbine)




Figure 7: Average Power Densities at 10 m. for Prescott, AZ and 
Laramie, WY 13
Phase II: Solar Energy
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Pumping System Proposal
Figure 8: Proposed Solar Pumping Solution 15
1) Solar PV Panels 2) Solar Powered VFD Pump 3) Pipeline Connects to 
Existing Distribution System
























𝐾𝐿 = 𝑙𝑜𝑠𝑠 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
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Quantity of Interest Value Units
Total Elevation Gain 197 ft.
Potential Water Table Drop 25 ft.
Total Length of Pipe 1790 ft.
Total Major Head Losses 0.975 ft.
Total Number of Fittings 26 N/A
Total Minor Head Losses 0.0744 ft.
Total Losses (Major and Minor) 1.049 ft.
Total Required Head (Minimum) 223.05 ft.
Summary of Pressure Head Requirements for the 
Proposed Solar Pump
Pipe Selection




Δ𝑣 = 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑓𝑙𝑢𝑖𝑑 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦.
𝑃 = 𝑠𝑡𝑎𝑡𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
𝜌 = 𝑓𝑙𝑢𝑖𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
ℎ = 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑓𝑙𝑢𝑖𝑑
• Maximum head of 200 ft. corresponds to a static 
pressure of 87 psi according to:
• Maximum burst pressure corresponds to 38.0 psi 
according to:
• Required pipe strength = 125 psi
– Strength of Sch. 40 PVC = 220 psi





• Considered two pumps both manufactured by 
Grundfos
• Arcosanti has expressed their satisfaction with 
current Grundfos pumps
Attribute CRIF 3-11 16 SQF-10
Max Rated Power 1600 W 1400 W
Max Flowrate at ~197 ft. Head 20.9 GPM 15.5 GPM
Max Head 328 ft-water 230 ft-water
Pump Type Foundation Mounted Submersible
Motor VFD VFD
Can Run Off Grid Power Yes No
Purchase Cost $2551.54 $1849.85
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Daily Flow Rate Estimates
Figure 9: Time vs. Flowrate Pump Comparison Curves
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CRIF 3-11 16 SQF-10
Assumptions:
1) Solar radiation influx based of UC Santa Barbara Model
2) 20 m2 of solar panels with an approximate efficiency of 17%
Flow Rate and Usage Comparison
Figure 10: Approximate Daily Flow vs. Community Usage (12 Solar Panels)
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Solar Panel Selection
• Solar panels were compared in terms of price 
and efficiency. 
• Canadian Solar CS6K-280M 280 watt mono 
solar panel
• Efficiency of 17.11%
• Priced at $168.00/panel
• Extremely durable and weatherproof
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System Cost Comparison
Total System Cost with Schedule 40 PVC
Type Price 
Solar Pumping System $   6,742.54 
Solar Pumping System Installation $   1,600.00 
Piping $   1,297.95 
Piping Installation $   2,348.65 
Well Water Testing and Certification $   3,000.00 
Total $14,989.14
Total System Cost with Schedule SDR 11 PE
Type Price 
Solar Pumping System $   6,742.54
Solar Pumping System Installation $   1,600.00 
Piping $   4,335.51 
Piping Installation $   2,348.65 
Well Water Testing and Certification $   3,000.00 
Total $ 18,026.70
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Large-Ticket BOM for Proposed System
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Item Quantity Price/Item Total Price
4" Sch. 40 PVC Pipe (10 ft. section) 53 18.70$         991.10$         
4" Sch. 40 PVC Pipe Coupling 27 1.98$           53.46$           
4" Sch. 40 PVC 90° Elbow 2 11.96$         23.92$           
4" Sch. 40 PVC 45° Elbow 2 5.91$           11.82$           
Sch. 40 PVC 4"x4"x2" Tee 1 10.16$         10.16$           
Sch. 40 PVC 2"x2"x2" Tee 1 2.03$           2.03$              
Sch. 40 PVC 4"x2" Reducing Valve 2 8.87$           17.74$           
Sch. 40 PVC 4" Ball Valve 2 42.73$         85.46$           
Sch. 40 PVC 4" Swing Check Valve 2 57.11$         114.22$         
CRIF 3-11 Pump 1 2,551.54$   2,551.54$     
Canadian Solar CS6K-280M 280 Watt Mono Solar Panel 12 168.00$       2,016.00$     
IronRidge XR 1000 Ground Rack Kit (Mounting) 12 83.00$         996.00$         
SolarEdge SE3800A-US-U Inverter 1 1,179.00$   1,179.00$     
Water Certification Tests (John Rutt Well) 1 3,000.00$   3,000.00$     
Total 11,052.45$   





















Years Since Install 
Break-Even Analysis
Cumulative Savings Schedule 40 System w/o Installation Costs Schedule 40 PVC System SDR 11 PE System
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Figure 11: System Payback Period (with and without interest)
Alternative Designs Considered
Replace Piping from Mesa Well to 
Distribution Tank in Addition to the 
previous solution 
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Leave the John Rutt well as it is and 
simply replace the Mesa Well Pump with 
a VFD DC powered solar pump capable 





Figure 12: Alternative Design I
Figure 13: Alternative Design II
Potential Future Studies
• Cash crop agriculture (fruit/nut trees) with 
solar irrigation
 Agriculture grant from the state of Arizona
• Expanded solar array for community building




Appendix A: Maps 
Proximity of Prescott to Arcosanti
Arcosanti




Appendix B: Flow Calculations
Pipe Lengths
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Appendix B: Flow Calculations
Moody Chart
Figure A1: Moody Chart (from Fundamentals of Fluid Dynamics, Munson) 30
Appendix B: Flow Calculations
Flow Properties and Major Head Losses
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Quantity of Interest PVC Pipe PE Pipe
Galvanized 
Steel Pipe
Total Pipe Length, L (ft) 1789.12 1789.12 1789.12
Total Pipe Length, L (m) 545.33 545.33 545.33
Max Usage, U (gal) 16071 16071 16071
Time Period, t (hr) 10 10 10
Maximum Flowrate, Qmax (gal/hr) 1607.10 1607.10 1607.10
Maximum Flowrate, Qmax (m
3/s) 0.001690 0.001690 0.001690
Pipe Diameter, d (m) 0.102 0.102 0.102
Pipe Cross-Sctional Area, A (m2) 0.00811 0.00811 0.00811
Maximum Velocity, Vmax (m/s) 0.2084 0.2084 0.2084
Density of Water at 23° C, ρ (kg/m3) 997.48 997.48 997.48
Dynamic Viscosity of Water at 23° C, µ (Pa*s) 0.000935 0.000935 0.000935
Reynold's Number 22592 22592 22592
Pipe Roughness Factor, ε (ft) 5.00E-06 5.00E-06 0.0005
Relative Roughness (ε/d) 1.50E-05 1.50E-05 0.0015
Friction Factor (from Moody chart), f 0.025 0.025 0.034
Friction Head Loss, hf (m) 0.297 0.297 0.4041
Friction Head Loss, hf (ft) 0.975 0.975 1.326
Flow Properties and Major Head Losses











Head Loss, hf 
(m)
Head Loss, hf 
(ft)
1 Pipe Entrance (Sharp) 1 0.5 0.2084 0.001107 0.003631
Standard Tee (Branch) 1 1.02 0.2084 0.002258 0.007408
Gate Valve 1 0.14 0.2084 0.000310 0.001017
2 90° Elbow 1 0.51 0.2084 0.001129 0.003704
3 90° Elbow 1 0.51 0.2084 0.001129 0.003704
4 45° Elbow 2 0.27 0.2084 0.001195 0.003922
Gate Valve 1 0.14 0.2084 0.000310 0.001017
5 Standard Tee (Branch) 1 1.02 0.2084 0.002258 0.007408
6 Standard Tee (Branch) 1 1.02 0.2084 0.002258 0.007408
7 45° Elbow 1 0.27 0.2084 0.000598 0.001961
8 45° Elbow 1 0.27 0.2084 0.000598 0.001961
9 90° Elbow 1 0.51 0.2084 0.001129 0.003704
15° Elbow 4 0.07 0.2084 0.000620 0.002033
10 15° Elbow 1 0.07 0.2084 1.55E-04 5.08E-04
11 15° Elbow 2 0.07 0.2084 3.10E-04 0.001017
12 90° Elbow 1 0.51 0.2084 0.001129 0.003704
13 45° Elbow 1 0.27 0.2084 0.000598 0.001961
90° Elbow 3 0.51 0.2084 0.003387 0.011112
Pipe Exit (Sharp) 1 1.00 0.2084 0.002214 0.007262
Total 0.02269 0.0744
Minor Head Loss in Pipe Network from Pipe Fittings




Sch. 40 PVC Pipe Cost Breakdown
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Appendix D: Piping




• Volunteers and community members performed the installation of the original water 
distribution 
• For a conservative analysis and because voluntary labor is unreliable and unpredictable, 
this analysis assumes a community labor rate of $20.00/hour in addition to equipment 
rental.
• Installation process is composed of trench diggings and pipe laying.  
• Cost of renting a 28” trencher is $175.00/day (Sunbelt Rentals).  According to online 
reports, an unexperienced laborer can typically trench at least 300 ft. in an 8-hour workday.
• Estimated combined cost of digging a 525 ft. trench at 28” deep would be $670.00.
• Assume an inexperienced laborer can lay a minimum of 20 ft. (two 10 ft. sections) of PVC or 
galvanized pipe per hour
• Total labor time for PVC or galvanized pipe installation would be 40 hours.  Because PE pipe 
comes in 500 ft. rolls and consequently requires very few pipe connections, it would require 
slightly less installation time than PVC or galvanized pipe.  However, a conservative estimate 
for the total cost of community installation is $1670.00. 
• JM Eagle (a manufacturer of plastic pipe) charges labor and equipment installation costs of 
$4.39/foot for 4” PVC pipe and $6.59 per/foot for ductile iron pipe
• Total contracted installation cost would be $2,348.65 for PVC and PE pipe and $3,525.65 for 
galvanized pipe.
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Appendix E: Pump Data
Pump Cost Comparison
Type Price Quantity Subtotal
CRIF 3-11 Pump 2,551.54$ 1 2,551.54$    
Pump Installation (estimate) 800.00$     1 800.00$       
Canadian Solar CS6K-280M 280 Watt Mono Solar Panel 168.00$     12 2,016.00$    
IronRidge XR1000 Ground Rack (Mounting) 83.00$       12 996.00$       
Solar Installation (estimate) 800.00$     1 800.00$       
SolarEdge  SE3800A-US-U Inverter 1,179.00$ 1 1,179.00$    
8,342.54$    
Type Price Quantity Subtotal
16 SF-10 1,849.85$ 1 1,849.85$    
Pump Installation (estimate) 800.00$     1 800.00$       
Canadian Solar CS6K-280M 280 Watt Mono Solar Panel 168.00$     21 3,528.00$    
IronRidge XR1000 Ground Rack (Mounting) 83.00$       21 1,743.00$    
Solar Installation (estimate) 800.00$     1 800.00$       
SolarEdge  SE3800A-US-U Inverter 1,179.00$ 1 1,179.00$    
9,899.85$    
CRIF 3-11 Solar Pump System Costs
Total












Price  [$/kWhr] 
Cumulative 
Money Saved [$]
2017 0.125 711.875$                2034 0.138 13,809.447$         
2018 0.124 1,418.495$            2035 0.139 14,600.550$         
2019 0.126 2,135.431$            2036 0.139 15,391.847$         
2020 0.128 2,866.968$            2037 0.139 16,182.949$         
2021 0.129 3,605.317$            2038 0.139 16,974.636$         
2022 0.133 4,364.884$            2039 0.139 17,766.517$         
2023 0.135 5,135.936$            2040 0.139 18,558.592$         
2024 0.135 5,906.405$            2041 0.139 19,350.668$         
2025 0.137 6,686.995$            2042 0.139 20,144.496$         
2026 0.138 7,476.151$            2043 0.140 20,941.049$         
2027 0.139 8,266.475$            2044 0.140 21,740.521$         
2028 0.139 9,057.772$            2045 0.141 22,543.303$         
2029 0.139 9,850.821$            2046 0.141 23,349.005$         
2030 0.139 10,645.038$          2047 0.142 24,158.017$         
2031 0.139 11,438.476$          2048 0.143 24,971.310$         
2032 0.139 12,230.552$          2049 0.143 25,788.108$         
2033 0.138 13,020.486$          2050 0.144 26,609.188$         
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